related to the impact of transformation processes on health or to high emigration (especially from the new member states of the European Union).
The main aim of the study is to present changes in the health situation of the population of Poland since its accession to the European Union to the present day. The secondary objective is to present the current spatial differentiation in the population's health situation. In any analysis of the health level almost always the so-called negative health indicators are used. This is also the case here. The available data on mortality (the crude death rate and infant mortality), the incidence of selected diseases (there is a wide range of diseases that can function as indicators of the society's health condition; most commonly the so-called social diseases or civilization diseases are taken into account in analysis -the present study has been limited to two: tuberculosis and HIV/AIDS) and life expectancy (by gender).
The statistical data used in the paper come from reports and databases, both Polish (the Central Statistical Office of Poland, the Institute of Tuberculosis and Lung Diseases, the National AIDS Centre) and foreign institutions (the WHO Regional Office for Europe, the World Bank). However, the final results of the analysis are somewhat distorted by the fact that when calculating the number of deaths or disease incidence per number of inhabitants, the official data provided by the Central Statistical Office of Poland were used, in accordance with which emigrants were included among inhabitants of Poland (regardless of the time spent out of the country), while according to estimates, at the end of 2015 as many as 2.4 million inhabitants of the country stayed outside Poland (Informacja..., 2016) . The available statistics on temporary emigration does not allow for eliminating the impact of the observed differences.
Conventional statistical methods were applied in the paper, such as regression models, the coefficient of variation (CV) and Pearson correlation coefficient (PCC).
Changes in mortality
After its accession to the European Union, we can distinguish two periods of changes in mortality ( on the one hand and constant ageing of the population on the other hand suggest that the slight growing trend in the intensity of mortality (presented in Fig. 1 ) will become more distinct 2 , even despite the further improvement in the country's situation in terms of its health. Regarding gender, a higher level of mortality among men than among women can be seen throughout the whole period. However, a reduction in the difference should be considered as a positive process, as in 2004 it was 1.9 3 deaths per 1,000 people of one sex, while in 2015 it was 1.4 4 . This difference will be discussed in greater detail in the analysis of life expectancy.
With a breakdown by urban and rural population, one can notice major changes. In 2004, higher mortality rates were among the rural population (10.0 deaths per 1,000 inhabitants) than among the urban one (9.2), but in 2014 the mortality rate in the rural population remained at the same level, while in the urban one it increased to 10.4 deaths per 1,000 inhabitants.
The diversity of mortality rates in Poland in 2014 in spatial depiction (breakdown by poviats (NUTS-4)) is shown in fig. 2 . With the values for Poland at 9.8 deaths per 1,000 inhabitants, it varied from 6.0 in the Kartuzy poviat to 15.7 in the Hajnówka poviat (BDL GUS, 2016) , and it was rather little diversified, as the CV value amounted to 15.1%. In Fig. 2 one can see two general patterns. The first one partly results from history -in its effect areas of the former Russian partition and the Sudetes with adjacent areas manifest higher mortality rates. The second one is a consequence of the most modern processes -stemming from migration to suburban zones from major cities and an increasing percentage of the elderly in those cities, which results in an elevated death rate, while it is quite the opposite in suburban areas. 2 Unless immigrants at a young age will come to Poland in large numbers. 3 For women the rate was 8.6 deaths per 1,000 people, and for men 10.5 (Bank Danych Lokalnych GUS). 4 For women the rate was 9.6 deaths per 1,000 people, and for men 11.0 (Bank Danych Lokalnych GUS). 5 This is confirmed by the value of the similarity of structures coefficient, which is 1.00. 6 ICD-10 (International Statistical…, 2016). plasms (C00-D48). Ten years later, among 376,500 deaths, it was 45.1% and 26.6%, respectively. The following groups of diseases also had a greater share in the structure of deaths: symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified (R00-R99) -6.6% in 2004 and 7.4% in 2014, external causes of morbidity and mortality (V01-Y98) -respectively: 6.9% and 5.7%, diseases of the respiratory system (J00-J99) -respectively: 4.6% and 5.4%, diseases of the digestive system (K00-K93) -respectively: 4.3% and 4.1% (Baza Demografia GUS).
Infant mortality is considered to be a fairly accurate indicator of the population's health situation, since its level is influenced by many factors related to the parents' pro-health behaviours (especially of mothers during pregnancy), living conditions and the quality of the medical care of the pregnant woman and then of an infant (cf. Masuy-Stroobat, 2006; Szczyt, 2006) . Fig. 3 . shows changes in the number of infant deaths per 1,000 live births. We can see a very stable trend of reducing the intensity of infant deaths, which however slowly begins to level off. The stability of changes is also evidenced by small fluctuations in the share of neonatal and post-neonatal deaths. In 2004, 71.7% 7 of infant deaths were neonatal deaths, and in 2015 it was 72.3% 8 .
One can notice major changes in a breakdown by urban and rural populations. In 2004, the urban population manifested a higher rate of infant mortality (7.1 deaths per 1,000 live births) than the rural one (6.4); in 2015 the situation was reversed -the level of infant mortality in urban areas (4.0) was slightly lower than in the rural ones (4.1) (Baza Demografia GUS).
In spatial depiction (breakdown by poviats (NUTS-4)), the diversity of the infant mortality rate in Poland in 2015 was significant, because the CV value amounted to 64.5%. With the mean value for the country at 4.0 deaths per 1,000 live births, it ranged from no infant deaths (such a situation was recorded in 34 poviats) to as many as 17.3 deaths per 1,000 live births in the Rypin poviat (Baza Demografia GUS).
Changes in the incidence of selected disease
The incidence of tuberculosis (A15-A19) is related to the level of the society's wealth, especially housing and sanitary conditions of the population and the degree of satisfying nutritional needs (in the sense 7 It differed slightly between the sexes, as it was 69.0% for girls and 73.8% for boys (Baza Demografia GUS). 8 It differed slightly between the sexes, as it was 69.5% for girls and 74.5% for boys (Baza Demografia GUS).
of a lack of hunger). Preventive efforts also have an impact 9 . An improvement in living conditions in economically-developed countries has caused a reduction in the risk of the disease; unfortunately, crises trigger the opposite effect. Also the emergence of tuberculosis strains resistant to antimycobacterial drugs and the development of the HIV/AIDS epidemic are bringing a renewed increase in tuberculosis incidence (Zielonka, 2014; Sonnenberg et al., 2005; Szczuka, 2000) .
Analysing changes in the level of tuberculosis incidence in Poland we see a clearly weak downward trend, disturbed only in 2011 by a slight increase (Fig. 5) , as a result of which the number of new cases decreased from 24.9 in 2004 to 16.7 per 100,000 population in 2015.
Analysing the diversity of the situation in 2015 in the spatial depiction (a breakdown by voivodships, NUTS-2 (Fig. 6 ), we find that it was highly heterogeneous, as the CV value was 31.0%. The lowest level of morbidity was noted in the relatively wealthy Wielkopolskie Voivodship (8.3), but it was followed by the considered as poor Warmińsko-Mazurskie Voivodeship (9.3). By contrast, the worst situation was reported in the highly urbanised and wealthy Śląskie Voivodship (26.5) (Gruźlica..., 2016). Since the obtained results partly contradict theoretical considerations, one should presume that there are also other factors affecting the recorded level of tuberculosis incidence.
The level of diagnosed cases of HIV in Poland has shown an upward trend which slowly levels off (Fig. 7) . It increased from 1.72 cases per 100,000 population in 2004 to 3.38 in 2011, and in 2014 it was 3.31. In 2015 men accounted for 84.1% of new infections, women 14.5%, and for 1.4% there was no data (Zakażenia…).
Although the level of AIDS (B20-B24) incidence in Poland in 2004-2014 shows large year-on-year fluctuations, one cannot see that is has increased or decreased (Fig. 7) as it has continually remained around the value of 0.34 per 100,000 population. In the analysed period the minimum was recorded in 2006 (0.31), and the maximum in 2011 (0.69). According to data, the number of AIDS cases amounted to 129 cases in 2015, of which 70.3% were males and the rest females. 40 deaths due to AIDS were reported, of which 72.5% were men and the restfemales (Zakażenia…).
Analysing the diversity of the situation in 2015 in the spatial depiction (a breakdown by voivodships, 9 In accordance with the Preventive Vaccination Programme, in Poland the BCG vaccine is mandatory only for infants (Komunikat..., 2015) NUTS-2 (Fig. 8) , we find that it was very highly heterogeneous, as the CV value was 49.1%. In terms of spatial depiction (Fig. 8) , the most new HIV infections were found in Śląskie (5.3 per 100,000 population), Dolnośląskie (4.5) and Mazowieckie Voivodships (4.1), the least in Lubelskie (0.4). But it must be kept in mind that for up to 4.6% of registered infections there are no data on the place of residence.
It is slightly different in the case of AIDS incidence. Here in 2015, the situation in breakdown by voivodeships was even more diverse (CV=79.3%). It was the worst in the Dolnośląskie (0.93 per 100,000 population), Podlaskie (0.76) and Pomorskie (0.61) Voivodeships. The best was in Małopolskie (0.03) and Lubelskie (0.05) (Zakażenia…).
Change in the average life expectancy
Biological determinants alone make the average life expectancy of males shorter than of females by one year to two years (Abdulraheem et al., 2011; Luty, 2003; Ram, 1993) . Larger differences are already conditioned by non-biological factors. In Poland in 2004-2015 the average life expectancy of a male at the time of birth was as many as almost 9 years shorter than of a female. However, there are two positive trends which can be noted in Fig. 9 . Firstly, there is a steady increase in further life expectancy for a person born in a given year 10 . Secondly, although very slow, there is bridging of differences between the two sexes 11 (from 8.5 years in 2004 to 8.0 years in 2015).
The average life expectancy of males at the time of birth in rural areas is still shorter than in citiesand, unfortunately, this difference is increasing, as in 2004 it was 70.3 years and 70.9 years, respectively, and in 2015 it was already 73.0 and 74.0 years. Therefore, the difference to the detriment of men living in the countryside increased from 0.6 to 1.0 year. The opposite situation is in the case of the average further life expectancy for women at the time of birth. In 2004 women in rural areas could expect to live 79.5 years and in the cities 79.1 years. In 2015 it was 81.7 years and 81.5 years, respectively. This means that the difference with the advantage for those living in the countryside still remained, but it decreased from 0.4 to 0.2 year (Bank Danych Lokalnych GUS). GUS), and the diversity of situations is very small (CV=1.0%). Looking at Fig. 9 , we see two spatial regularities. Firstly, a slightly worse situation is characteristic of numerous urban sub-regions, especially Łódź and Górny Śląski. However, there are exceptions which include Warsaw, Kraków, Szczecin. Secondly, a better situation is clearly visible in the east of Poland, especially in the voivodeships: Podlaskie, Podkarpackie, Małopolskie and, to a lesser extent, Lubelskie, Świętokrzyskie and in the east of Mazowieckie.
In turn, Fig. 11 illustrates the spatial variation of average life expectancy of men [in years] born in 2015 broken down by NUTS-3. The extreme values are designated by the Piotrków (70.8 years) and Krakow (76.3 years) sub-regions (Bank Danych Lokalnych GUS). Although the diversity of situations is also very small (CV=1.6%), it is still significantly higher than in the case of women. In the case of men there are not so clear spatial regularities as in the case of women. In general, one can conclude that longer average life expectancy occurs in the sub-regions that contain large cities (with the exception of Łódź and Górny Śląsk) and in Galicia.
Comparing differences in the average life expectancy between women and men, we find that at the average value for a person born in 2015 of 8.0 years to the detriment of men, the extreme values were set by the Tricity and Tychy (5.9) and Siedlce (10.4) sub-regions. The diversity of situations was already high, because the CV amounted to 12.1%. In spatial depiction, the smallest differences between the two sexes occurred in most sub-regions containing large cities. The fact that the spatial situation of both sexes in the analysed period differs from each other is best proved by PCC, which is only 0.59.
Situation in Poland in comparison to european post-communist countries
Poland belongs to the group of European post-Communist countries in which economic, social and political reforms have been successfully implemented (Balázs et al, 2014; Bąk, 2006; Michalski, 2006; Staehr, 2011; Sztompka, 2004) . In countries where no formal transformation took place or it was ineffectually conducted, there is a whole range of factors negatively affecting the population's health situation (cf. Bobak et al., 2000; Brainerd, 1998; Domański, 2005; Florescu-Ciobotaru, 2006; Hu et al., 2015; Shakarishvili (ed.), 2005) . Although the standardized death rate could better reflect the impact of successful reforms on changes in the mortality level, as it does not take into account the impact of the population's age structure, it was decided that showing the actual level of mortality would be more important, hence the indicator: crude death rate per 1,000 people was selected (Fig. 12) . Comparing to other analysed countries, Poland is in a relatively favourable position. Nevertheless, differences in the level of the analysed mortality is a derivative of the diversity of the age structure and the advancement of the transformation process. The lowest level of mortality is in the countries that successfully introduced reforms (Slovenia, Slovakia, Poland, Czechia), but also those with a young society (Albania, Macedonia, Montenegro) (see: Grzelak-Kostulska et al., 2012a , 2012b Meslé, 2004; Michalski, 2012a Michalski, , 2012b Michalski, , 2016 Philipov, Dorbritz, 2003) .
Again, in comparison to the analysed group of countries, in 2015 Poland was characterised by a relatively low level of infant mortality rate per 1,000 live births (Fig. 13) . Although in all European postCommunist countries a decline in infant mortality was recorded, but in those with a bad economic, social and political situation, it is still very high (see: Aleshina, Redmond, 2005; Michalski, 2010 Michalski, , 2012b Michalski, , 2016 Pietrzyka, Gadzinowski, 2007; Zatoński et al., 2006; Zetlin et al., 2015) .
In the case of spatial differentiation (estimated) of the incidence of tuberculosis, we see an even greater impact on a successful transformation process of spreading of this disease (see: Arinaminpathy, Dye, 2010; Michalski, 2016; Walls, Shingadia, 2007) . The best situation characterizes countries which successfully implemented reforms (plus Albania). Poland is the last country in the group of countries with the lowest level of tuberculosis incidence (Fig. 14) .
Countries in Eastern Europe and the former Soviet Union are amongst those affected the most by the HIV/AIDS epidemic. In view of the above, also this disease has been included in the study. Since the detection rate of HIV is incomplete and largely depends not only on spreading of the disease, but also on the state's policy on accessibility of detection tests and on the society's attitudes to seropositive persons, a decision was made to analyse not only HIV infections but also AIDS.
For the reasons given above, it is difficult to compare the number of patients with HIV between countries. Data on the number of AIDS cases are more reliable, and these data were compared (Fig. 15) . Can say that Poland has an very good situation in comparison to other European post-Communist countries, with the worst being in countries of the former USSR (Gokengin et al., 2016; Hamers, Down, 2003; von Zachorka, 2003) .12 12 For details of estimation methods see: Global…, 2016. Most Eastern European countries for many years have had much higher premature mortality rates for males than for females (Michniewicz-Ankiersztajn et al., 2013; Michalski, 2010; Watson, 1995) , and in this respect Poland is typical. Fig. 16 synthetically shows life expectancy at birth [years] for both sexes together. We see that in this respect the situation in Poland is one of the best. Equally long life expectancy at birth is characteristic of other post-Communist countries which successfully carried out the process of transformation. Yet the case of Albania raises eyebrows about the reliability of statistical data.
Summary
The health situation of the Polish population is relatively good. This is clearly seen when comparing the crude death rate and the standardized death rate. If in 2005 the crude death rate in Poland was 965 deaths per 100,000 population, in 2014 it was less by 13. At the same time, the standardized death rate dropped by as many as 168 (from 873 deaths per 100,000 population to 705 deaths) (Kuropka, 2015) . Analysing the diversity of the health situation of the population of Poland on the basis of the data presented in the study, it is difficult to find general spatial regularities.
Trying to place Poland in the theory of epidemiological transition (Wróblewska, 2009) , we can conclude that Poland is at the hybrid stage, similarly to those European post-Communist countries that have successfully implemented political reforms and have become members of the European Union, with reservations for Bulgaria, Estonia, Lithuania, Latvia and Romania). However, the health situation in Poland in comparison to the wealthy countries of the European Union, it is still, unfortunately, much worse. 
